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A new cross-talk pathway between 
the renal tubule and its own 
glomerulus
G Capasso1
The connecting tubule (CNT) of superficial nephrons comes into close 
contact with the corresponding afferent arteriole of its own glomerulus. 
Ren et al. demonstrate that this close anatomical configuration is also 
the site for cross-talk between the CNT and the afferent arteriole. This 
mechanism is triggered by the entry of sodium through amiloride 
sodium channels and may antagonize tubuloglomerular feedback.
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Anatomical contact between the end of the 
thick ascending limb of the Henle’s loop 
and its own glomerulus was described for 
the fi rst time more than one hundred years 
ago.1 Th is so-called juxtaglomerular appa-
ratus is composed of: (1) macula densa 
cells, very specialized tubular cells lining 
the end of the Henle’s loop; (2) the cells 
of the extraglomerular mesangium, which 
are localized between the aff erent and the 
eff erent glomerular arteriole; and (3) the 
vascular smooth muscle cells and renin-
secreting cells in the media of the aff erent 
glomerular arteriole. It is now clear that 
the juxtaglomerular apparatus is a critical 
structure that functions as an important 
link between renal salt and water excre-
tion and glomerular hemodynamics, thus 
playing a key role in the regulation of body 
fl uid volume. Its importance relies on the 
fact that, in general, the glomerular fi ltra-
tion rate (GFR) is very high and most of 
the fi ltered fl uid and ions are reabsorbed 
along the nephron, thus causing only a 
small fraction of salt to be excreted in the 
urine. As a result, GFR and reabsorption 
have to be balanced to prevent excessive 
loss of fl uid and sodium chloride; this is 
accomplished through glomerulotubular 
balance and tubuloglomerular feedback. 
Glomerulotubular balance ensures that 
an increase in GFR, and thus in fi ltered 
amounts of sodium chloride, induces a 
proportional increase in sodium chloride 
reabsorption in all segments of the tubu-
lar nephron. Tubuloglomerular feedback 
establishes an inverse relationship between 
the tubular sodium chloride load and the 
GFR of the same nephron.2 Th e sensing 
mechanism resides in macula densa cells; 
it detects changes in luminal composition 
and couples GFR and renin release with 
tubular fluid salt and water reabsorp-
tion. It is generally accepted that the api-
cal Na+-K+-2Cl– cotransporter (NKCC2) 
acts as the key sensor of tubular salt con-
tent. Th is hypothesis comes from studies 
demonstrating that luminal furosemide (a 
specifi c inhibitor of NKCC2) inhibits tub-
uloglomerular feedback. Recent fi ndings 
confi rm that mice with targeted disruption 
of NKCC2 show reduced tubuloglomeru-
lar feedback.3 Th e sensor function is cou-
pled with intracellular signaling events 
that include alterations in cell chloride 
concentration, cytosolic calcium, cell pH, 
basolateral membrane depolarization, and 
cell volume. Finally, macula densa cells 
produce and discharge several substances, 
including adenosine triphosphate, prostag-
landin E2, and nitric oxide, which may be 
involved in the control of juxtaglomerular 
function and the release of renin.4
Following histological criteria, the mac-
ula densa marks the beginning of distal 
convolution. According to structural and 
functional features, this is composed of 
the distal convoluted tubule and the con-
necting tubule (CNT), two very short 
segments of paramount importance in 
renal electrolyte transport. Although 
there are diff erences among species, the 
distal nephron expresses, in a sequen-
tial arrangement, the following sodium 
chloride transport proteins: NKCC2, 
the thiazide-sensitive sodium–chloride 
cotransporter (NCC), and the amiloride-
sensitive epithelial sodium channel, as 
shown in functional and immunohisto-
chemical studies.5 With respect to longi-
tudinal distribution, NKCC2 is restricted 
to the macula densa, the sodium–chloride 
cotransporter replaces NKCC2 exactly at 
the structural transition from the macula 
densa to the distal convoluted tubule, and 
the epithelial sodium channel follows 
the sodium–chloride cotransporter. Th e 
tubular distribution of transport proteins 
helps to defi ne the complex distal nephron 
organization in the mammalian species. 
NKCC2 is the most upstream apical salt 
transporter and unambiguously identifi es 
the Henle’s loop. Th e succeeding salt trans-
porter is the NCC that marks the onset 
and end of the distal convoluted tubule. 
Th e subsequently apical ion transporter 
is the epithelial sodium channel.
Th e disappearance of the sodium–chlo-
ride cotransporter marks, in all species, 
the beginning of the CNT. Th e presence 
of various ion transporters, sequentially 
distributed along the distal nephron, guar-
antees complete sodium recovery under a 
large range of physiopathological condi-
tions, including impairment of sodium 
reabsorption in the Henle’s loop, such as 
that which follows the use of loop diuret-
ics or results from genetic defects.
Th e complexity and the heterogeneity 
of the distal nephron raise some questions 
about the role of each tubular segment. 
To date, several studies have emphasized 
the role of the collecting duct, which is 
considered to be the site where the fi nal 
control of urinary electrolytes takes place. 
However, recent fi ndings suggest that the 
CNT is the main segment where urinary 
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sodium and potassium excretion are 
fi nely regulated, whereas the collecting 
duct gets involved when the upstream 
segments become overloaded. Th erefore, 
most of recently collected data suggest 
that sodium reabsorption and potassium 
secretion in the CNT are sufficient to 
maintain sodium and potassium balance 
with little or no contribution of the col-
lecting duct.6 Recently, Kovacikova et al. 
underlined the pivotal role of the CNT in 
acid–base balance.7
In the paper by Ren et al.8 (this issue), 
another important aspect of CNT func-
tion is revealed. It has been shown that 
the superficial nephrons of the renal 
cortex return to the vascular pole of the 
glomerulus and come into close contact 
with the corresponding aff erent arteriole 
through the CNT.9,10 This anatomical 
configuration is compatible with the 
presence of a feedback mechanism 
between the CNT and the afferent 
arteriole (Figure 1). However, there was 
no clear proof demonstrating cross-
talk between the CNT and the afferent 
arteriole to date, and therefore this 
hypothesis remained speculative and 
the physiological implications of such 
anatomical configuration remained a 
mystery. Ren et al.8 developed an in vitro 
technique that consisted of simultaneous 
perfusion of microdissected rabbit aff erent 
arteriole and adherent CNT. Th is tedious 
and technically demanding approach 
has the advantage of circumventing the 
confusing eff ects of the various systemic 
factors that control renal microcircula-
tion. Th e CNT was perfused by the classi-
cal method developed by Burg et al., and 
the diameter of the aff erent arteriole was 
monitored with a video camera and meas-
ured with a computer equipped with an 
image analysis system. Th e experiments 
were performed on rabbits. Th is was quite 
appropriate, as in the rabbit, unlike the 
mouse and rat, there is a sharp transition 
from the distal tubule to the CNT, allow-
ing a more precise pattern of distribution 
of the various sodium transporters. When 
the CNT was perfused with solutions that 
contained increasing concentrations of 
sodium chloride — but in the range that 
one can anticipate fi nding in the CNT in 
vivo — the aff erent arterioles dilated. Th e 
authors were able to identify the poten-
tial trigger mechanism in this cascade of 
events; indeed, perfusing the CNT in the 
presence of amiloride, a specifi c sodium 
channel inhibitor, abrogated the response, 
and addition of hydrochlorothiazide to the 
perfusate did not cause aff erent dilatation. 
Th ese results fi t very nicely with previous 
reports that have identifi ed, at least in the 
rabbit, the epithelial sodium channel as the 
main entry step for sodium along the CNT. 
In the same species, the sodium–chloride 
cotransporter, the target of hydrochloro-
thiazide eff ect, should be absent along the 
same segment. On the basis of these obser-
vations, it has been suggested that cross-
talk exists between CNTs and attached 
aff erent arterioles mediated by sodium 
reabsorption through amiloride-sensitive 
sodium channels; this action participates 
in the regulation of glomerular fi ltration 
and renal blood fl ow. Th is mechanism has 
been called cross-talk connecting tubule 
glomerular feedback, distinguishable from 
tubuloglomerular feedback.
An obvious question would be: why is 
a second cross-talk between the tubular 
segment and the glomerular structure 
needed in addition to tubuloglomerular 
feedback? To answer this question we 
should consider that, theoretically, there 
is a major diff erence between the two 
mechanisms. In general, tubuloglomeru-
lar feedback is a positive-feedback sys-
tem that favors sodium retention. During 
increased salt intake, the larger sodium 
load that reaches the macula densa cells 
is perceived by NKCC2, and this induces 
an increase in the vascular resistance and 
a decrease in GFR. On the other hand, 
connecting tubule glomerular feed-
back may be considered as a negative-
feedback mechanism favoring urinary 
sodium excretion; it senses sodium in 
the CNT through the epithelial sodium 
channel and causes an increase in renal 
blood fl ow and GFR, thus off setting the 
tubuloglomerular feedback and favoring 
the re-establishment of sodium homeo-
stasis. In addition, as the CNT belongs 
to the aldosterone-sensitive segment, 
the participation in connecting tubule 
glomerular feedback strengthens its piv-
otal role in the regulation of electrolyte 
balance. Finally, since aldosterone has a 
specifi c action on the epithelial sodium 
channel abundance and activity along 
the CNT, the discovery of connecting 
tubule glomerular feedback reinforces 
the importance of this hormone in 
the fi ne regulation of sodium and potas-
sium homeostasis.
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Underglycosylation of IgA in 
IgA nephropathy: More than a 
diagnostic marker?
A Roos1,2 and C van Kooten2
Moldoveanu et al. present a diagnostic test for IgA nephropathy 
based on the presence of undergalactosylated IgA in serum. This 
underglycosylated IgA appears to be overrepresented in serum of 
IgA nephropathy patients and is most likely related to mesangial IgA 
deposition. Further studies on the nature, production, regulation, and 
cellular and molecular interactions of this undergalactosylated IgA 
may facilitate disease diagnosis and provide further insight into the 
pathogenesis of this important disease.
Kidney International (2007) 71, 1089–1091. doi:10.1038/sj.ki.5002262
IgA nephropathy is the most common 
primary glomerulonephritis worldwide. 
Classically it is defi ned by the presence 
of immune deposits dominated or codo-
minated by IgA, oft en in the presence of 
complement and other immunoglobulins. 
Although IgA nephropathy may show only 
slow deterioration of renal function, the 
disease progresses during several decades 
into end-stage renal disease in up to 30% 
of cases. Treatment of IgA nephropathy is 
a matter of debate, hampered by defi cits in 
knowledge about disease pathogenesis.1
IgA nephropathy may present with a 
range of clinical manifestations, including 
asymptomatic urinary abnormalities such 
as microscopic or macroscopic hematuria 
and/or proteinuria, but also a nephrotic 
syndrome or acute renal failure. Diagno-
sis of IgA nephropathy requires a renal 
biopsy, in which the presence of mesangial 
IgA in the absence of evidence for lupus 
nephritis is the hallmark of the disease.
Several lines of evidence indicate that 
IgA nephropathy is a systemic disease 
rather than a primary disease of the kid-
ney. Patients with IgA nephropathy who 
receive a renal transplant often show 
recurrence of IgA deposits in the graft . 
Furthermore, patients with IgA nephropa-
thy show abnormalities in circulating IgA, 
including an increased concentration and 
an abnormal glycosylation. Moldoveanu 
and colleagues2 (this issue) present a 
straightforward serologic assay for IgA 
nephropathy based on the assessment of 
abnormally glycosylated IgA. This test 
may serve as a diagnostic tool for patients 
with IgA nephropathy, thereby possibly 
bypassing the need for renal biopsy in at 
least some of the patients. Th ese fi ndings 
will be discussed below in the context of 
recent developments in the fi eld.
In IgA nephropathy, three diff erent IgA-
containing compartments are worthwhile 
to study in order to understand the dis-
ease pathogenesis: mucosal IgA, circulat-
ing IgA, and mesangial IgA.
IgA present in the mesangium of IgA 
nephropathy patients is believed to be 
polymeric in nature and largely consists 
of IgA1, although occasionally co-deposi-
tion of IgA2 has been reported. Although 
detailed biochemical studies on mesangial 
IgA are strongly hampered by the limited 
availability of precious biopsy mate-
rial, several studies have established that 
mesangial IgA shows undergalactosyla-
tion as compared with normal serum 
IgA.3,4 Furthermore, recent studies indi-
cate the presence of secretory IgA in the 
mesangium of at least a sub-population of 
IgA nephropathy patients.5
An important theme in studies on IgA 
nephropathy relates to the production site 
of mesangial IgA. Th e bulk of IgA is pro-
duced by mucosal B cells as dimeric IgA 
joined by J chain, which is subsequently 
covalently linked to secretory component 
upon its transepithelial transport. Secre-
tory IgA consists of IgA1 and IgA2 in 
variable proportions and plays an impor-
tant role in the maintenance of mucosal 
immunity. Circulating IgA is mainly 
produced by B cells in the bone marrow. 
In contrast to mucosal IgA, serum IgA 
consists of more than 90% IgA1 and is 
largely monomeric. However, part of cir-
culating IgA is in a polymeric form. Th is 
large-sized IgA contains a number of 
molecular variants, including dimeric IgA 
with J chain, secretory IgA, presumably 
leaked from the epithelial surfaces to the 
circulation, and alternatively polymerized 
monomeric IgA that may contain soluble 
receptor molecules, immune complexes, 
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